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This paper reports the dependence between the power required to cause destruction and the dimensions of resistive
films, i.e. the width and thickness. The dependence has been analysed using destruction phenomenon models which
consider the increase of temperature of the resistive films and the films defects. Results show that the power value
required to cause destruction rises linearly with the width of the resistor films and is exponentially proportional to
the sheet resistance.
1. INTRODUCTION P
/x- al + bl w
The maximum value of power density of a resistive
film is an essential factor in the designing of thin
film resistors. This parameter is dependent on the
allowable maximum temperature of the film and on
the size and density of the defects. Also the maximum
power of the resistor is dependent on the geometry of
the resistor, i.e. the length, width and thickness, as
well as on the kind and dimensions of the substrate.
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The influence of the width and of the sheet resistance
of the resistive film are discussed in this paper.
2. EXPERIMENTAL
The resistors were deposited on to Corning 7059 glass
substrates, which had dimensions 30 x 20 0.8 mm.
For the temperature measurement nickel film resistors
were used, which have a relatively high temperature
coefficient of resistance, TCR +3 x 10-a/K. From
such resistors it is possible to obtain temperature
measurements with high precision. The resistor dimen-
sions were: width mm -+ 0.1 mm and length 15 mm.
For the measurements of the power to destroy the
film, NiCr film resistors were used TCR (-60+ -120)
x 10-6/K which have a width of 1 mm -+ 0.1 mm and
length 7 mm.
The correlation between the width of a film carry-
ing a current and temperature has been measured.
The average temperature of the resistive film can
be calculated from the current and voltage values,
which need to be measured exactly. The relation
between the thermal conductance,PlAT
(AT difference of temperature;P power) and the
width of the resistive film is shown in Figure 1.
This dependence is a straight line which can be
written as:
(1)
where a, b are constants and w is the width of the
resistive film.
The correlation between power to destroy the film
and width of the resistive film was also measured. The
applied voltage was increased linearly at 5V/min, which
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of a resistive film.
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gave a parabolic increase of the power (in the range
where the resistance remains constant). Experimental
values are plotted in Figure 2, and the destroyed
resistor is presented in Figure 3.
The curve obtained can be described by a straight
line equation
Pa a + bw ()
where a and b are constants and Pa is the power to
cause the film to be destroyed.
The relation between the NiCr sheet resistance Ro
and the power to destroy the film was also measured.
The data has been plotted against sheet resistance on
a log-log scale in Figure 4.
3. RESULTS AND DISCUSSION
H.T. Lawa has given an analysis of the dependence of
the temperature of resistor on the width. This rela-
tion is a result of the fact that the heat is dissipated
from the area of the resistive film and from the part
of the substrate surrounding the resistor. The heat
dissipated from the resistive film is dependent on its
area which means that it is a function of the width
of the resistive film. The heat losses from the substrate
and from the area in the vicinity of the resistor are
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FIGURE 2 Power for open circuit as a function of the width
of the resistive film.
FIGURE 3 Micrograph of destroyed NiCr resistive film.
independent of the width of the resistive film. This
assumption is approximately correct for certain
width ranges. Experimental values have been shown
in Figure 1.
Resistors are destroyed at weak spots. The value
of the power to destroy the film is limited by the
temperature and is dependent on the film defects.
These defects cause a reduction of the cross section
area of the resistor film and the power for destruc-
tion is dependent on the ratio of the cross section
of the resistor film at the weak spot to the cross
section on the film without any defects.
This ratio is dependent on the film width. The
destruction of a resistor takes place at a weak spot by
a change of cross section. This process can be
caused by electromigration or by oxidation. Electro-
migration as the destruction mechanism has been
described4,s but at higher temperatures oxidation
can also occur. When films have protective layers the
power required to destroy the films is higher because
of the reduced access of oxygen. In the final period
of the destruction process a large change of the resis-
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FIGURE 4 Power for open circuit as a function of sheet
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tance is observed, melting of the film then follows
and the film stops carrying current.
If it is assumed that at the critical time only one
of the destruction processes is important, then one
can write that
s-7
=ARtexp (3)
where the parameterD is an exponential function of
the relative change of cross section area of the resis-
tor film AO/Oo, Oo is the initial cross section of the
film,R is the sheet resistance,A, B, fll and/ are con-
stants and Tws is the temperature at the weak spot.
The relation of the temperature at the weak spot
to the applied power can be written approximately as:-
where Ta + kiP T is the average temperature of the
resistor. If the applied voltage is increased linearly, i.e.
U=c.t
hence
w
and
D A R exp dt
Ta + (kl cwtZ)/(lR)
(S)
Tws Ta + kl (e- zke) + k2 Zke (4)
where Ta is the ambient temperature,P is the power
dissipated in the resistor, kP is the power dissipated
in the weak spot and kl, k2 are constants.
The destruction process can be divided into two
periods: the first one in which a slow change of the
resistance (cross section areas) of the film at the
weak spot takes place and a second period in which a
quick change of the resistance at the weak spot and
a quick increase of the temperature at this spot occurs.
The second period is much shorter than the first
period, and can be written, ifP >> ZkP:-
AR exp Ta +klP+k2zp t
(5)
+ exp Ta+klP+k2zP
where t is the time of the first period, r is the total
life time. If in the first period k2 ZkP kiP and if
(r t1) "
t 1, then
=ARexp
Ta+klP
r (6)
and hence
(
B ) (7) r =
R-exp
Ta+klP
where is length of the resistor film, c is a constant.
From Eq. (8) by approximation forD we have
A xRg-/2 ra =AzRgP/ (9)
Hence
-20lot Pa R (10)
where ra is the life time of the resistors for a linear
increase of the applied voltage,A A 2, a are constants.
The parameter 2{3/a, as calculated from Figure 4, is
0.28.
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